A recently discovered fossil land tortoise (Testudines: Testudinidae) is described from the Pleistocene of Bermuda. Its morphology is sufficiently well preserved to allow assignment to the extinct North American genus Hesperotestudo. However, several features of this tortoise are unique and it is named Hesperotestudo bermudae sp. nov. A review of the phylogenetic relationships of the better known genera of the Testudinidae suggests that the affinities of Hesperotestudo lie with other North American tortoises (Gopherus) and not with Geochelone or other testudinines; thus, Hesperotestudo is reassigned to the Xerobatinae. This is at least the fifth documentation of a testudinid dispersing over open ocean to an oceanic island (the first for Hesperotestudo) and it corroborates the hypothesis that members of this family are well suited to over-water dispersal.
INTRODUCTION
Land tortoises (family Testudinidae) are known as living species or as fossils from many of the World's islands. They appear in the fauna of many oceanic island groups to which they very likely dispersed over great expanses of open ocean. The best known cases include the living Galapagos tortoises, Geochelone (Chelonoidis) nigra, and Aldabran tortoises, Aldabrachelys gigantea. Less widely known cases include the extinct genus, Cylindraspis, which occurred throughout the Mascarine Islands until the arrival of man (Arnold, 1979) , and tortoises probably belonging to the South American subgenus, Chelonoidis, of the genus Geochelone, in Barbados, Cuba, Curacao, Hispaniola, Mona, Navassa, Puerto Rico, New Providence in the Bahamas, and Sombrero Island in the Anagada Passage (Auffenberg, 1967 (Auffenberg, , 1974 Franz & Wood, 1983; Pregill, 1981; Williams, 1950b Williams, , 1952 .
The ability for members of this family to disperse across open oceans can now be further documented with the first oceanic occurrence of the extinct North American genus, Hesperotestudo, on the island of Bermuda. Bermuda, which originated as a seamount on the mid-Atlantic ridge during the Cretaceous, is now located at 32°18′ N and 64°46′ W, 930 km ESE of Cape Hatteras, North Carolina, the nearest land mass. It consists of a crescent-shaped chain of low-lying islands with a total land area of 56 km 2 . The highest elevation is 70 m above sea level. The fossil tortoise upon which this report is based was collected from the Upper Town Hill Formation in Smith's Parrish, Bermuda, in 1991. It is thought to be about 300 000 years old. It is described below as a new species of Hesperotestudo. Confirmation of this generic assignment has required compilation of a data set that is sufficient to allow us to review recent hypotheses of intergeneric relationships among testudinids. We have reconsidered the phylogenetic position of Hesperotestudo but have not undertaken a review of the genus.
METHODS
The fossil reported here was discovered on 13 March 1991 by Mr Raymond 'Jackie' Durham of Bermuda during excavation of a vertical limestone wall. The posterior end of the shell was opened by excavation machinery revealing an open interior space, and excavation ceased. Some broken pieces of shell were recovered and all loose bone was removed from inside the shell. The remainder of the tortoise was removed from the vertical wall as a block on 15 August 1991. The block was mechanically reduced in volume and then acid prepared.
Based on the work of Williams (1952) , Auffenberg (1963 Auffenberg ( , 1974 and Bramble (1971 Bramble ( , 1982 , it is apparent that a tortoise from Bermuda would most likely be referable to one of three groups: the North American gopher tortoises (Xerobatinae), the South American tortoises (subgenus Chelonoidis), or the extinct North American genus, Hesperotestudo. Thus, we have concentrated our comparisons of this specimen to representatives of these New World groups and to the proposed sister group of all other land tortoises, Manouria. We include data for most living tortoise genera in our data matrix in an attempt to corroborate our generic assignment of the Bermuda Tortoise and to test recent hypotheses of tortoise relationships. Those tortoise genera (and subgenera) considered in this study are: Aldabrachelys, Asterochelys, Chelonoidis, Chersine, Geochelone (in the restricted sense, see Bramble, 1971; Preston, 1979; Meylan, 1995) , Gopherus, Hesperotestudo, Homopus, Indotestudo, Kinixys, Manouria, Psammobates, Pyxis, Stylemys, Testudo, and ' Xerobates', (See Appendix for materials examined). The most recent studies of the monophyly of North American Gopher tortoises (Crumly, 1994) , failed to corroborate monophyly of the two species previously placed in the genus 'Xerobates' (Gopherus agassizii and Gopherus berlandieri). However, no alternative resolution of Gopherus relationships was well supported, so the possibility remains that 'Xerobates' may be shown to be monophyletic. To indicate the unclear status of 'Xerobates' we use this name in quotes. We have also made comparisons to two West Indian forms, Monachelys (Williams, 1952) and 'Testudo' cubensis, (Williams, 1950b) where possible. The extinct North American genus Hadrianus has not been included in the data set since it is still not known from skull material.
The 'batagurid' genus Mauremys has been included in this study as an outgroup. It is a basal geomydine batagurid (Hirayama, 1985; Gaffney & Meylan, 1988) . The 'Geomydinae' or narrow-jawed batagurids may be paraphyletic with respect to tortoises (Hirayama, 1985) . Alternatively, the batagurids may be the sister group of tortoises (Carr, 1991; Shaffer, Meylan & McKnight, 1997) .
Authorship of the names used in this paper can be found in Auffenberg (1974) King & Burke (1989) . Bour (1984) asserts that the correct name for the Madagascan Radiated tortoises is Astrochelys Gray 1873, not Asterochelys Gray, 1874. Shell terminology follows Zangerl (1969) . Skull terminology follows Gaffney (1979) Type species. Hesperotestudo osborniana (Hay, 1904) Revised diagnosis for Hesperotestudo. North American land tortoises with very well developed dermal armour, with those ossicles over the tail united and, in combination with enlarged transverse processes of the caudal vertebrae, forming a caudal buckler (Auffenberg, 1963 (Auffenberg, , 1974 or a tail club (DMNH 1600 and 1601); nuchal scute longer than wide; posteriorly excavated epiplastra; medially narrowed pectoral scutes; large inguinal scute in broad contact with femoral scute; transverse ridge (=commissural ridge) on premaxilla, median maxillary ridge and lingual ridge extending onto premaxilla; foramen praepalatinum obsolete; acromion process forming very large angle (110°) to body of scapula.
Content of Hesperotestudo.
As treated in this paper, this genus contains two of Auffenberg's (1974) Holotype. BAMZ 1991-086, a nearly complete shell missing the posterior left quarter, with an associated skull including a braincase, ear regions, most of the upper and lower jaws, and a stapes, cervical vertebrae 4 through 8 complete, with fragments of cervicals 2 and 3, three isolated thoracic centra including the first, both scapulae, a right coracoid, both humeri, both radii, both ulnae, fragments of the wrist and pelvis, left femur (badly eroded), left tibia and fibula and associated tarsals, and much of the right hind foot with the bone in very bad condition. The posterior part of the shell and the tail were lost before recovery of the specimen began. (Hay, 1904: fig. 554 ). Scale bar=30 mm. Figure 5 . Hesperotestudo bermudae sp. nov., jaws of the holotype (BAMZ 1991-086) . A, maxillae and premaxillae with a fragment of palatine, maxilla and pterygoid on the right side; and dentary in B, dorsal; C, left lateral; and D, right lateral views. Scale bar=20 mm.
Diagnosis.
A small member of the genus Hesperotestudo with a thin, wide shell in which the ilium contacts costals 7 and 8; in the skull, the prootic is significantly narrowed in dorsal view and the cavum tympani is divided into a more dorsal and a more ventral part by a sharp ridge that crosses the anterior surface of the cavum from just anterior to the incisura columellae auris to the suture with the quadratojugal; and the acromion process forms a very high angle to the body of the scapula (127°).
Description of Holotype
Carapace. The shell (Fig. 1 ) is nearly round in dorsal view; it is nearly as wide as long, measuring approximately 270 mm in midline straight carapace length and 230 mm maximum straight carapace width. It is low domed with three weak bosses in the neural series. As in all but certain diminutive tortoises (i.e. Homopus), the bridge peripherals are tall, making up about half of the height of the shell in lateral view. Growth rings are clearly visible. The plastron is large and akinetic. The nuchal bone is complete (Fig. 1B, C) . It is slightly wider than long; thickened in the marginal region but thin and smooth posteriorly. It has a large nuchal scute that is clearly longer than wide on the dorsal surface but on the ventral surface it is as wide posteriorly as it is long. The presence of a nuchal scute is primitive. However, the relatively long nuchal scute found in the Bermuda tortoise (Fig. 1C) , like that in other Hesperotestudo and Chersine, is derived relative to the wider than long nuchal of Manouria and Gopherus. The absence of a nuchal scute is an alternative derived condition (Character 1).
The first marginal scute of the fossil covers a large area of the nuchal bone. The first costal scute does not contact this element. There is no evidence of encroachment of the thoracic vertebrae onto the nuchal as in Gopherus (Bramble, 1982) .
Parts of five neurals are preserved (Fig. 1C ). These include numbers 1 through 4 and the most posterior neural. The latter is in contact with an anterior suprapygal. The available neurals suggest a derived neural pattern of alternating four-and eightsided elements, typical of advanced land tortoises (Auffenberg, 1974) . The neural series is relatively flat in anterior and in lateral view. Although the pattern of contacts of the neural bones has been used previously in land tortoise systematics, we consider it to be too variable intraspecifically to be reliable.
If the presence of an attached neural spine is used to define a neural bone, then the Bermuda tortoise has two suprapygal elements posterior to the preserved neurals. The anterior suprapygal contacts the last neural anteriorly, the seventh and eighth costals laterally, and the posterior suprapygal posteriorly. It is located between the articular surfaces for the ilia which cover most of the proximal parts of the seventh and eighth costals. The second suprapygal is incomplete but preserved portions suggest that it was a tetrahedron in contact with the pygal. Essentially all tortoises have two suprapygal elements. H. bermudae does not have the second suprapygal enclosed by the first plus the pygal; a condition found in many advanced land tortoises. There is significant intraspecific variation in the suprapygal region in close relatives of Hesperotestudo (Auffenberg, 1974) . McEwan (1982) found that 44% of 161 Gopherus polyphemus had anomalies in this area of the shell. This makes us reluctant to use characters from the suprapygal region.
The costals of the right side are complete (Fig. 1A, C) . The first is the largest, 2 through 5 are subequal in size, 6 through 8 are progressively smaller. The suture between the costals and peripherals is closed but quite deep, suggesting that this individual was not quite fully grown.
Costal 1 contacts the nuchal, peripherals 1 through 3, costal 2 and neurals 1 and 2. Ribheads 1 and 2 are very short. The first costal has a weakly formed rib which does not meet the short, but strongly developed ascending process of the hyoplastron on the medial surface of the costal (Fig. 2) . Extension of the axillary buttress to contact the first costal is a feature of the Testudinoidea.
Costal 2 contacts costals 1 and 3, neural 2 and peripherals 3 and 4. Costal 3 contacts costals 2 and 4, neurals 2 through 4, and peripheral 5. Costal 4 contacts costals 3 and 5, neural 4 and peripherals 5 and 6. The medial contacts of costals 4 through 6 are not completely preserved and cannot be entirely determined. Costal 5 contacts costals 4 and 6, unknown neurals and peripherals 6 and 7. There is a ventral projection from the posterior edge of costal five and anterior edge of costal 6 that joins a dorsal projection of the hypoplastron to form an inguinal buttress (Fig. 2) . Primitively in testudinoids the inguinal buttress contacts costals 5 and 6 as in Mauremys and Manouria. Those forms such as Asterochelys, Gopherus and others, in which it contacts only costal 6, are considered to have a derived condition (Character 2). Stylemys is surprisingly variable in this feature.
Costal 6 contacts costals 5 and 7 and unknown neurals including the most posterior one (see above). Its peripheral contacts are incompletely preserved but appear to have been 8 and 9. Costal 7 contacts costals 6 and 8, the last neural, anterior suprapygal and peripheral 9. Costal 8 contacts costal 7, the anterior and posterior suprapygals and probably, peripheral 10.
On the medial portion of the internal surface of costals 7 and 8 is a large and well-defined area for articulation of the ilium of the pelvic girdle. In most land tortoises this articulation area is restricted to costal 8. The condition in the Bermuda tortoise is therefore derived (character 3).
As in most turtles, four pleural scutes cover the costal bones. They do not extend medially onto the neural bones. As in other tortoises, the interpleural sulci lie on every other costal bone: 2, 4, 6 and 8, and the pleural-marginal sulci are coincident with the costo-peripheral sutures.
Peripherals 1 through 10 are represented on the right side. Scute sulci of the marginal scutes occur in the centre of each peripheral (Fig. 1A, C) . Peripherals 1 through 3 form a ridge over the anterior shell opening. The posterior part of peripheral 3 and peripherals 4 through 6 have no lateral ridge. A ventrally projecting ridge begins at the anterior one-third of peripheral 7.
The posterior portion of the carapace of the Bermuda tortoise is incompletely preserved. Thus it is not possible to determine the condition of the suprapygal scale. In primitive tortoises (Manouria, Hadrianus) this scale is divided. In most derived forms it is single (Character 4).
Plastron. The plastron is complete except for the left hypo-and xiphiplastra and the posterior half of the right xiphiplastron. If complete it would measures approximately 240 mm in straight midline length. It is a normal testudinoid plastron with paired epi-, hyo-, hypo-and xiphiplastra, and a single, wide entoplastron (Fig. 1D ). The epiplastra extend anteriodorsally at an angle of about 45°(Figs 1A, 2). They project only slightly anterior to the carapace and do not have marked constriction or projection in the gular scute region of the kind seen in Geochelone sulcata or Gopherus berlandieri. The epiplastra are strongly excavated on their dorso-posterior surface as is the case for nearly all tortoises (Character 5).
The epiplastra of the Bermuda tortoise are covered by the paired gular scutes anteriorly and the humeral scutes posteriorly. The primitive condition for turtles is to have the gulars (set 1 scales of Hutchison & Bramble, 1981) reach the entoplastron. Those forms in which the gular scale is restricted to the epiplastron (Aldabrachelys, Geochelone, Asterochelys etc.) are considered to have a derived condition (Character 6).
The entoplastron is large, it makes up about 23% of the midline length. It is covered by gular and humeral scutes only. The pectoral scutes do not extend onto the entoplastron as they do in emydine emydids and certain batagurids.
The hyoplastra make up the majority of the anterior half of the plastron. They contact peripheral bones 3, 4 and 5 laterally, the entoplastron and epiplastra anteriorly, and the hypoplastra posteriorly. They are covered by the humeral scutes anteriorly and abdominals, posteriorly. Between the humerals and abdominals is a pair of pectorals that are narrow (20 mm) at the midline but wide posterior to the axillary buttress (65 mm). The pectoral scutes are wider on the midline primitively (Mauremys, Gopherus, 'Xerobates'). Those forms with narrow pectoral scutes are considered to have a derived condition (Character 7).
In the Bermuda tortoise the axillary buttress extends dorsally and is imbedded in the ventral surface of the first costal. No axillary (or inguinal) musk ducts are visible in this specimen. This is a feature of all tortoises (Character 8). A small axillary scute is present on the anterior surface of the anteriolateral portion of the hyoplastron.
The hypoplastron makes up the majority of the posterior half of the plastron. The abdominal scutes cover the anterior two-thirds of this element. The posterior third is covered by the femoral scute medially and a large, square inguinal scute laterally. There is broad contact between the inguinal and femoral scales, broadly excluding the abdominal scale from the inguinal notch (Fig. 1D ). Primitively the abdominal scale intervenes between the inguinal and femoral scales (Bramble, 1971: fig. 43 ) making the condition found in the Bermuda tortoise, other Hesperotestudo, and several other tortoises (Table 2) , derived (Character 9).
In the Bermuda tortoise the lateral margin of the hypoplastron is in contact with peripheral bones six and seven. There is a broad area for contact of the inguinal buttress on the fifth and sixth costal just anterior to the free rib end (Fig. 2) .
Only the right xiphiplastron is preserved, and the posterior half of this element is missing. It is apparently broken along the femoro-anal sulcus.
The bridge is made up of peripherals three through seven. Marginal scutes four through seven cover this region but do not extend onto the hyo-or hypoplastra. Instead, the humerals, pectorals and abdominals extend laterally onto the bridge peripherals.
Skull. The skull of Hesperotestudo bermudae is represented by much of the braincase, with most of the right quadrate, the parietals, frontals, and medial portions of both postorbitals in articulation (Figs 3, 4) . Both maxillae and premaxillae ( Fig. 5A ) are available as is most of the dentary ( Fig. 5B-D) .
Preserved skull roof elements include most of both frontals, the medial-most part of both postorbitals, both parietals, and the supraoccipital except for the supraoccipital spine (Figs 3, 4) . The frontal contacts the postorbital posteriolaterally and the parietal posteriorly. No other contacts are preserved. The frontal forms most of the dorsal margin of the orbit as is typical for land tortoises. The ventromedial process of the frontal defines the sulcus olfactorius. This part of the sulcus is narrow and rounded as in Geochelone pardalis and Manouria emys. It cannot be determined if the portion of the sulcus olfactorius defined by these ventral processes was open ventrally as in Geochelone and Manouria or closed as in Kinixys, and Gopherus. Anterior to the ventromedial process of the frontal is evidence of a large fossa nasalis which is typical for the family Testudinidae (Gaffney, 1979) .
On the dorsal surface, the parietal contacts the frontal and postorbital anteriorly, the prootic laterally, and the supraoccipital posteriorly. The descending process of the parietal contacts the epipterygoid and pterygoid ventrally, and the prootic dorsal to the foramen nervi trigemini. The parietal contributes most of the anterior and dorsal parts of the braincase. The descending process contributes the posterior limits of the foramen interorbitale, the anterior margin of the foramen nervi trigemini, and a small part of the dorsal margin of the canalis cavernosus. A separate foramen, possibly for the maxillary branch of the trigeminal nerve is present in the parietal anteriorly and dorsally from the foramen nervi trigemini. The condition of the dorsal surface of the parietal and the very narrow medial portion of the postorbital (Fig. 3) indicate that temporal emargination of the Bermuda tortoise was quite extensive as it is in other members of the family.
None of the material available with the holotype is identifiable as the jugal. The only remains of the quadratojugal are on the right side of the skull where a narrow fragment of this element is sutured to the anterior edge of the quadrate along the cavum tympani (Fig. 4) .
Palatal elements preserved with the type of Hesperotestudo bermudae include both premaxilla, both maxilla, the posterior-most portion of the vomer and a lateral fragment of the left palatine (Fig. 5A) . The premaxillae are complete except for their most dorsal parts. They meet on the midline throughout their length and meet the maxilla laterally. Their contacts to elements of the skull roof are not preserved.
As in nearly all turtles, the premaxillae form the anterior part of the labial ridge of the upper triturating surface. In addition, several other ridges are present on this element. Although a premaxillary ridge (known in Gopherus, 'Xerobates' and Stylemys) is absent (Character 10), a weak transverse ridge (=commissural ridge of McDowell, 1964) is present just medial to the maxillary suture. This transverse ridge is located on the premaxilla in the fossil and in other Hesperotestudo (Hay, 1908: figs 553 and 567) . In Manouria, Chelonoidis (Gaffney, 1979: fig. 258 ), and other tortoises with this transverse ridge, it is located on the premaxillary-maxillary suture (Character 11).
In the Bermuda tortoise both the median maxillary ridge (=accessory ridge of McDowell, 1964) and the lingual ridge of the maxilla, extend onto the premaxilla and meet the transverse (=commissural) ridge (Characters 12, 13; Fig. 5A ). The median maxillary ridge extends onto the premaxilla only in certain forms with a premaxillary ridge (Gopherus and 'Xerobates'), and in forms in which the transverse ridge is located medial to the maxillary suture on the premaxilla (various Hesperotestudo). Similarly, the lingual ridge extends onto the premaxilla in certain forms with a premaxillary ridge (Gopherus and 'Xerobates'), and those with the transverse ridge on the premaxilla (Hesperotestudo) . But it also extends onto the premaxilla in some forms in which it extends medial to a transverse ridge located at the premaxillary-maxillary suture (some Chelonoidis, some Geochelone, and Manouria; see Gaffney, 1979: fig. 258 ).
When the transverse ridge, median maxillary ridge and lingual ridge converge on the premaxilla, there appears to be little space for a discrete foramen praepalatinum. In the Bermuda tortoise (Fig. 5A) , most of the Hesperotestudo studied, and 'Xerobates', the otherwise distinct foramen praepalatinum is not distinct from the nutritive foramina of the ventral surface of the premaxilla (Character 14).
The maxillae are well preserved except that the prefrontal process is missing from both and it is not possible to determine the size of the posterior maxillary process (Character 15). Each maxilla contacts the premaxilla anteriorly and the palatine and pterygoid posteriorly. None of the dorsal contacts of this element are preserved. Three distinct ridges are present on the triturating surface (Character 16). This is the condition found in all tortoises except for the diminutive African forms.
The palatine and vomer are represented by small fragments only. The left palatine is seen in articulation with a fragment of the posterior end of the left maxilla and a fragment of the anterior end of the left pterygoid (Fig. 5A) . Within the fragment of palatine is located a small posterior palatine foramen. The foramen is completely enclosed by the palatine in the Bermuda tortoise but the exact location of this opening between the palatine, maxilla, and pterygoid, appears to be highly variable within species of land tortoises and therefore not systematically useful.
Only the posteriormost portion of the vomer is preserved in the fossil. It can be seen in ventral view to lie between the pterygoids which it divides for nearly all of their length. It nearly reaches the basisphenoid. The posterior extension of the vomer is variable among tortoises and their close relatives (Character 17). In the outgroup the vomer contacts the palatines but does not divide them. In some tortoises the palatines are divided (Manouria, Stylemys, Indotestudo, etc.) , or the palatines and pterygoids are divided (Hesperotestudo, 'Xerobates') . In the most derived condition the vomer reaches the basisphenoid (Gopherus, Aldabrachelys).
Neither quadrate of the Bermuda tortoise is complete. On the left side sutural contact with the prootic and the adjacent medial part of the cavum tympani are all that remains. On the right side the ventral portions of this element including the processus articularis and the entire anteriomedial face of the element are preserved, but the roof of the cavum tympani is missing (the reconstruction of the left quadrate in Fig. 4 uses information from the right side). The quadrate can be seen to contact the opisthotic, prootic, and pterygoid medially and the quadratojugal anteriorly. (Figs 3, 4) On the left side the quadrate can be seen to contribute about half of the processus trochlearis oticum (Fig. 3) and the lateral margin of the foramen stapediotemporale. The anterior surface contributes broadly to the processus articularis which terminates ventrally in the condylus mandibularis. The quadrate is excluded from the foramen nervi trigemini by the prootic (Fig. 4) .
The cavum tympani is a large and complex structure, the dorsal part of which is missing (Figs 3, 4) . It is continuous with a large antrum postoticum. The size of the latter structure can be determined from the remaining floor made up by the quadrate on the right side of the skull and the large medial wall of this structure preserved on the left side. A large antrum postoticm is typical for testudinids.
The incisura columellae auris is closed in the fossil as it is in all testudinids (Character 18). Just anterior to this structure in the fossil is a sharp ridge that crosses the anterior surface of the cavum tympani sloping dorsally and ending near the suture with the quadratojugal. This ridge divides the cavum tympani into a more dorsal and a more ventral part. A similar ridge was not observed in other testudinids. In posterior view, the quadrate can be seen to form the lateral wall of the aditus canalis stapedio-temporalis which is relatively large.
A small epipterygoid is present on the left side of the BAMZ skull. It extends from the ventromedial part of the foramen nervi trigemini, anteriorly and dorsally between the parietal dorsally and the pterygoid ventrally. It does not divide these elements at the posterior edge of the foramen interorbitale.
The pterygoid is reasonably well preserved on both sides of the BAMZ skull. It contacts the epipterygoid, parietal and quadrate dorsolaterally, the basisphenoid and basioccipital medially and probably the opisthotic posteriorly. In ventral view it is seen to contact the vomer anteriorly, the other pterygoid just anterior to the basisphenoid, and the basisphenoid and basioccipital medially. A foramen posterior canalis carotici interni appears to enter the pterygoid within a reduced fenestra postotica, but this region is somewhat eroded. Although the pterygoid is eroded posteriorly, it is clear that it was long enough to cover the processus interfenestralis of the opisthotic in ventral view as in most large tortoises. In many of the diminutive African forms the pterygoid is short and the processus interfenestralis is visible in ventral view (Character 19) .
Although the anteriormost portion of the pterygoids and the processus pterygoideus externus are lacking, the pterygoids can be seen to floor the braincase anterior to the basisphenoid. The anterior part of the preserved pterygoid shows the dorsal vaulting found in tortoises that have a highly vaulted palate (Geochelone, Hesperotestudo, Manouria, Gopherus and others) .
In the region of the foramen nervi trigemini (Fig. 4) , the pterygoid can be seen to exclude the quadrate from participation in the foramen nervi trigemini by contacting the prootic posterior to this structure. The pterygoid forms the ventral half of the foramen nervi trigemini, the floor of the canalis cavernosus, and the floor of the fenestra postotica. Within this last opening are the foramen posterius canalis carotici interni and the aditus canalis stapedio-temporalis.
The supraoccipital is complete except for the supraoccipital spine. It contacts the parietals anteriorly, the prootic anteriolaterally, the opisthotic laterally and the exoccipital posteriolaterally. It forms the dorsal part of the foramen magnum and the posterior half of the roof of the braincase. Within the braincase it forms the dorsal margin of the hiatus acousticus and can be seen to broadly contact the prootic in front of this opening.
Exoccipitals are preserved on both sides of the foramen magnum. However, both are eroded posteriorly. This element contacts the supraoccipital dorsally, the opisthotic laterally, the pterygoid ventrolaterally and the basisphenoid ventromedially. The extent of contact with the basioccipital cannot be established because the posterior half of this element is missing. The exoccipital forms the lateral part of the foramen magnum. In its posterior surface are three openings, the larger and most lateral is the foramen jugulare posterius, the two smaller and more medial are the foramen nervi hypoglossi. The foramen jugulare posterius is completely enclosed in the exoccipital. In many turtles the opisthotic also contributes to this opening.
Within tortoises this appears to be a highly variable feature. The posterior-most portions of the exoccipital and the basioccipital are missing so it is not possible to determine the contributions of these elements to the occipital condyle.
The basioccipital is incomplete; only the anterior half being preserved. It contacts the basisphenoid anteriorly, the pterygoid anteriolaterally, and exoccipital laterally. The dorsal surface of the basioccipital is rough but does not possess any distinctive structures. This element forms the posteroventral part of the hiatus acousticus.
The prootic is preserved on both sides of the skull (Figs 3, 4) . In the fossa temporalis superior it contacts the quadrate laterally, the opisthotic posteriorly and the parietal medially. In the fossa temporalis inferior it contacts the quadrate laterally, parietal medially, and pterygoid ventrally. It makes narrow contact with the epipterygoid along the ventral margin of the foramen nervi trigemini. Within the braincase the prootic contacts the parietal anteriodorsally, the supraoccipital posteriodorsally and the basisphenoid ventrally. The prootic is narrow in dorsal view, being much longer than wide (Fig. 3) . Primitively, this element is about as wide as long in dorsal view (Crumly, 1982) . The narrow condition seen in the fossil, and also the absence of dorsal exposure that occurs in Testudo, are considered derived conditions (Character 20) .
The prootic forms the medial half of the processus trochlearis oticum, the medial half of the canalis stapedio-temporalis and foramen stapedio-temporale and the posterior half of the dorsal margin of the foramen nervi trigemini. There is no evidence of a separate foramen arteriomandibularis which Bramble (1971) suggested might be diagnostic of New World tortoises. Within the foramen nervi trigemini the prootic can be seen to form much of the canalis cavernosus where it enters the braincase. In the braincase the prootic forms the anterior limits of the hiatus acousticus. A single large opening at the base of the prootic just anterior to the hiatus acousticus is probably a combined foramen nervi acustici and foramen nervi facialis.
The opisthotic is preserved on both sides of the skull but is missing the most posteriolateral portions on both sides. This element contacts the supraoccipital medially, the prootic anteriorly, the quadrate laterally and the exoccipital posteromedially. The processus interfenestralis appears to contact the pterygoid but this area of the opisthotic is badly eroded. The opisthotic forms the most posterior part of the foramen stapedio-temporale.
The basisphenoid is badly eroded ventrally but most of the structures on the dorsal surface are well preserved. It contacts the pterygoid anteroventrally, the prootic anterolaterally and the basioccipital posteriorly. The sella turcica is deep, wide and deeply excavated below an overhanging dorsum sellae. The trabeculae are very short and widely separated. Between them a pair of foramina anterius canalis carotici interni are easily observed. The processus clinoideus, which extends above the trabecula, is very weakly developed. The foramen posterior nervi abducentis opens in the dorsal surface of the basisphenoid posteriorly and laterally to the processus clinoideus. The foramen anterior nervi abducentis opens into a hemispherical pit which lies on either side of the sella turcica and is nearly as large as the sella turcica.
The only element of the lower jaw that is preserved is the dentary (Fig. 5B-D) . It is complete to the surangular suture on the right side but is broken off anterior to that point on the left. On the triturating surface the lingual and labial ridges are equally developed. There is a deep groove between them. The labial ridge meets the lingual ridge just lateral to the symphysis. The combined ridges join to form a single broad denticle at the symphysis. In Gopherus polyphemus the denticle is double. The margins of both ridges are smooth in the fossil, not denticulate as in Geochelone pardalis.
The labial surface of the dentary has a rough texture in the area that was covered by the epidermal sheath (=rhamphotheca). Posterior to this area on the right side is a smooth surface which likely served as an area of adductor muscle insertion. The surangular bone did not articulate on this lateral surface as it does in Geochelone, Chelonoidis, Testudo and other more advanced tortoises, but rather articulated along the posterior edge of the dentary as it does in Gopherus, Manouria and Hesperotestudo (Crumly, 1982: fig. 6 ) (Character 21). Bramble (1971) reports a symphyseal suture in Hesperotestudo but none of the specimens studied have any evidence of a suture between the dentaries. Cervical vertebrae. Cervical vertebrae 4 through 8 are preserved in their entirety. As is typical for most living cryptodire families, the fourth vertebra is biconvex. The fifth and sixth are procoelus, having single, broad central articulations anteriorly. In the sixth cervical, the posterior articulation is double. The seventh vertebra is biconcave with both anterior and posterior articulations double. The eighth vertebra is biconvex with the anterior articulation double and the posterior one single. The arrangement of the central articulations is typical for testudinids. In some species the third rather than the fourth cervical is regularly biconvex (Williams, 1950a) . The overall shape of the centrum of these vertebrae is moderate for testudinids; they are neither elongate as in Kinixys, nor short and broad as in Gopherus.
The postzygapophyses of vertebrae 4, 5 and 8 lack dorsal keels or well defined tubercles (postzygapophyses are incomplete in cervicals 6 and 7). This is also the case in Manouria, Gopherus, 'Xerobates', Kinixys and Testudo. In Geochelone pardalis and Chelonoidis denticulata, tubercles are present on the dorsal surface of the postzygapophyses.
Cervical 7 has a short, hourglass-shaped centrum with a very shallow ventral keel. The keel is much less developed than in G. pardalis, C. denticulata, K. erosa, T. graeca or M. emys. The short, wide vertebra is like that of Gopherus, 'Xerobates', and Manouria, but slightly more elongate. The prezygapophyses are very narrow, not broad as in Gopherus.
The eighth cervical is much like that of Manouria with a moderately developed dorsal tubercle. This tubercle is absent in Gopherus and 'Xerobates' but strongly developed in Geochelone, Chelonoidis, Testudo, and Kinixys. The postzygapophyses are not elongate as in Gopherus and Kinixys.
Scapula. The right scapula is complete and very well preserved (Fig. 6E) . The left is well preserved but lacks the dorsal half of the dorsal process. The scapula extends straight dorsally from the glenoid fossa with only a very slight anterior curve. It is cylindrical as in Hesperotestudo (AMNH 3246) and not expanded dorsally. The acromion process makes an angle of 127°with the body of the scapula and has a very slight ventral curve. This extremely wide angle between the body of the scapula and the acromion process is a derived condition among tortoises with most forms having a more acute angle (Character 22).
In Geochelone pardalis the angle of the acromion is about 115°, and the acromion process is straight while the scapular body curves medially and has an anteroposteriorly expanded dorsal process. Gopherus berlandieri is also similar to the fossil with an acromion angle of about 110°. But like G. pardalis it has very straight acromion process. In other tortoises the angle of the acromion to scapula is smaller, about 105°in Manouria and 85°in Chelonoidis. In these two taxa the acromion is very straight. The scapula of the Bermuda tortoise compares very well to that of Hesperotestudo (AMNH 3246). In the AMNH specimen the acromion process makes an angle of about 127°with the scapula and the distal end of the scapula is cylindrical and unexpanded.
Coracoid. A partial right coracoid is in very poor condition. It is short and broad as is typical for tortoises (Character 23). Although it is a useful feature for recognizing the family Testudinidae (Auffenberg, 1974) , the fan shaped coracoid does not appear to vary among tortoises.
Humerus. The humerus is well preserved on both sides except that the lesser trochanter is missing from both ( Fig. 6A-C) . The humerus is short and stout with the humeral head spherical, not elongate as in Manouria emys. No entepicondylar foramen or groove is visible (Fig. 6A) . In some tortoises (Manouria, Chelonoidis denticulata) it is an open groove. In others it exists as a foramen on the ventral edge of the humerus and as an open groove on the anterior surface, either parallel to the ventral margin of the humerus ('Xerobates' berlandieri) or diagonal across the distal portion of the humerus (Geochelone pardalis.) . In Testudo, like the fossil, the foramen and groove are absent (Caracter 24).
The fossil is like Manouria emys in that the trochanter major does not extend dorsally beyond the head of the humerus (Fig. 6A,B) . In other modern tortoises (Geochelone, Chelonoidis, 'Xerobates') this dorsal extension is marked and considered a derived condition (Character 25).
On the humerus of the Bermuda tortoise, there is no obvious site for attachment of the latissimus dorsi. A deep pit for the insertion of this muscle is present in 'Testudo' cubensis and Geochelone pardalis. The pit is present but weakly developed in Chelonoidis, Chersine, Kinixys, Testudo and others. Manouria, Stylemys, Hesperotestudo and Gopherus are like the fossil in having no obvious attachment site (Character 26).
The intertrochanteric fossa in the fossil is short and wide as in Manouria emys. It is slightly longer in Testudo, Gopherus berlandieri and Geochelone pardalis; and much narrower in Chelonoidis denticulata. As in Manouria, the trochanter major projects dorsomedially from the shaft at an angle of about 45°.
The humerus of the Bermuda tortoise is identical in form to a humerus of Hesperotestudo (AMNH 3246) from the Miocene (Early Hemphillian) of Kansas. Both are short and stout with a relatively small caput humeri. The trochanter major does not extend anteriorly beyond the caput humeri and it extends dorsomedially from the shaft at an angle of about 45°. There is no roughened depression or pit for the latissimus dorsi muscle and no evidence of an entepicondylar foramen or groove.
Radius. The radius is longer than the ulna. It is thickest proximally, narrow in the middle, and flattened along its anterior edge distally (Fig. 6D) .
Ulna. The ulna of the Bermuda tortoise is very short and stout. That of Manouria is relatively longer and more lightly built; that of Chelonoidis denticulata has a narrower distal end. The medial surface has a groove midway along its length which is open in the fossil and in Manouria. Gopherus berlandieri has another ridge and groove laterally. The right ulna has two osteoderms cemented to it in what appears to be their natural position (Fig. 6D) .
Pelvic girdle. Three portions of the pelvis are preserved. They include most of the left ilium with a fragment of the left pubis attached, the lateral portion of the right pubis, and a fragment that seems to be the medial part of the left pubis.
The ilium is quite straight; it extends dorsally without bending medially (as in Gopherus) or twisting strongly as in Chelonoidis denticulata. There is no strongly developed ridge along its posterior edge near the dorsal end. In most tortoises a large ridge for attachment of the iliofemoralis develops at this site (Walker, 1973) . This ridge is present in Geochelone pardalis, Chelonoidis denticulata, Gopherus berlandieri, but not Manouria.
The right pubis preserves the pubic contribution to the acetabulum, the base of the pectineal process, and much of the medial portion of this element. The pectineal process in the fossil is a broad plate of bone as has been illustrated for Hesperotestudo (Auffenberg, 1963: 62) . It is not cylindrical as in Gopherus berlandieri or Chelonoidis denticulata.
Femur. Although the femur is badly eroded it is possible to determine that the trochanters are united by a wall of bone. This is a feature of all tortoises (Character 27). (Tables 1 and  2 ) scored for 17 testudinids, and an outgroup (Mauremys).
Dermal armour. In addition to the two ossicles cemented to the right ulna (Fig. 6D) there is a large sample of well developed dermal armour of unknown origin that was collected with the holotype of H. bermudae. This sample includes many keeled and projecting elements (Fig. 7) . Bramble (1971: 138) suggests that well developed armor will serve to distinguish Hesperotestudo from all other New World tortoises (Character 28).
DISCUSSION

The phylogenetic position of Hesperotestudo bermudae and the phylogeny of land tortoises
Although the Bermuda tortoise is missing certain potentially diagnostic portions of its morphology (the caudal vertebrae and associated armour), it is possible to clearly demonstrate that its affinities lie with the extinct North American tortoise lineage, Hesperotestudo (Fig. 8) . Like Hesperotestudo, BAMZ 1991-086 has a nuchal scute that is longer than wide, narrow pectoral scutes, broad inguinal-femoral contact, a transverse (or commissural) triturating ridge on the premaxilla, and strong dermal armour. It differs considerably from the other New World tortoises that might have reached Bermuda during the latest Tertiary (Gopherus and Chelonoidis) (Tables 1 and 2 ). It differs from Gopherus which has a wide nuchal scute, broad pectoral scutes, limited femoral-inguinal contact, a premaxillary ridge, no transverse or commissural ridge, and very little armour. It differs also from Chelonoidis which has no nuchal scute, limited femoral-inguinal contact, no transverse or commissural ridge, anterior extension of the surangular onto the lateral surface of the dentary, a much narrower angle between the acromion process and body of the scapula, a well developed scar for the attachment of the latissimus dorsi on the humerus, and weakly developed armour.
Recognition of the distinct lineage of tortoises to which Hesperotestudo bermudae belongs results ultimately from the taxonomic break up of the genus Testudo. Williams (1952) removed from Testudo all New World tortoises then referred to the genus and placed most of them in a new subgenus, Hesperotestudo, of the genus Geochelone. Bramble (1971) clearly established the independence of the lineage leading to Hesperotestudo from that leading to living Geochelone (Geochelone elegans is the type species). However, Auffenberg (1974) and most authors dealing with land tortoises in the New World continued to recognize Hesperotestudo as a subgenus of Geochelone. Other authors, including Preston (1979) , Gaffney & Meylan (1988) , Crumly (1985 Crumly ( , 1994 and Meylan (1995) , treat Hesperotestudo as a full genus. The present study suggests that recognition of Hesperotestudo as a full genus is clearly warranted and that its affinities do not lie with Geochelone.
Bramble (1971) considered Hesperotestudo to be closely related to two other North American genera, Gopherus and Stylemys (the Xerobatinae of Gaffney & Meylan, 1988) . However, Gaffney & Meylan (1988) suggest that Hesperotestudo is the sister group of the Testudininae and not a member of the Stylemys-Gopherus clade. The present study agrees with the work of Bramble (1971) that Hesperotestudo is a member of a monophyletic group that includes Gopherus and 'Xerobates'. However, the present study suggests that a Xerobatinae that includes Stylemys would be paraphyletic with respect to the Testudininae (Fig. 8) . Thus, our work indicates that the subfamily Xerobatinae might best be restricted to the genera Hesperotestudo, Gopherus, and 'Xerobates'.
There are two features that suggest monophyly of all tortoises exclusive of Manouria and Stylemys and thus refute monophyly of the Xerobatinae in the sense of Gaffney & Meylan (1988) . These include the presence of a posterior maxillary process (see Crumly, 1982: fig. 5 ) and the presence of posterior epiplastral excavation (Auffenberg, 1974: fig. 5 ). Features suggesting monophyly of Hesperotestudo plus the two gopher tortoises (Gopherus and 'Xerobates') include the extension of both lingual and medial maxillary ridge onto the premaxilla, an elongate vomer, and a very wide angle between the body of the scapula and the acromion process.
Monophyly of the Testudininae exclusive of Hesperotestudo is supported by a derived condition of the surangular which extends anteriorly along the dentary in most testudinines but not Hesperotestudo (Crumly, 1994) . Furthermore, in most members of this group the humerus has an obvious scar for attachment of the latissimus dorsi muscle and the greater trochanter extends anteriorly well beyond the humeral head.
Our data set resolves two major clades within the Testudininae: Geochelone in the broad sense (including Aldabrachelys, Asterochelys, and Chelonoidis, but not Hesperotestudo) and the 'diminutive African forms'. Evidence for monophyly of the former includes a completely enclosed entepicondylar foramen, and the gular scute usually not in contact with entoplastron. Within this group there is evidence for monophyly of the Inguinal buttress contacts (0) costals 5 and 6 (1) costal 5 only (2) costal 6 only (3) peripherals only 3.
Ilium attachment scar (0) costal 8 only (1) costals 7 and 8 4.
Suprapygal scute (0) divided (1) single 5.
Posterior epiplastral excavation (0) absent (1) present 6.
Gular scutes contact entoplastron (0) yes (1) no 7.
Pectoral scute shape (0) broad and trapezoidal (1) narrow and parallel sided (2) not meeting medially 8.
Musk ducts (0) present (1) absent 9.
Femoral-inguinal scute contact (0) absent (1) small, in inguinal notch (2) broad, on plastral surface 10.
Premaxillary ridge (0) absent (1) present 11.
Transverse (=commissural) ridge (0) absent (1) on max-premax suture (2) restricted to premax 12.
Median maxillary (=accessory) ridge (0) absent (1) restricted to max (2) extends from max to premax 13.
Lingual ridge (0) Old World forms: Aldabrachelys, Asterochelys and Geochelone. In these genera the acromion process makes a wide angle to the body of the scapula (110 to 120°) and the transverse ridge on the upper triturating surface occurs on the maxilla-premaxilla suture.
Three features suggest monophyly of the 'diminutive African forms'; all of them pertaining to the structure of the triturating surface. All three are character reversals dealing with loss of triturating ridges. Neither the median maxillary ridge nor the lingual ridge reach the premaxilla. In fact, only a single ridge, the labial ridge, is present.
A number of authors are in agreement that parallelism is common in the morphological features of land tortoises (Auffenberg, 1974; Bramble, 1971; Pritchard, 1994) . This is reflected in the relatively low consistency indices associated with the cladograms for this group produced by the current study. The 14 equally parsimonious trees produced by the branch and bound algorithm of PAUP that are the basis for the consensus tree in Figure 8 each have a CI of 0.469 and a R. I. of 0.609. Even though there is discordance among testudinid characters, there is an emerging consensus among workers about the phylogenetic relationships among land tortoises. The area of agreement most relevant to this study is that the North American tortoises once called Geochelone are not closely related to living Geochelone. Furthermore, they are not referable to the Testudininae, but are better assigned to the Xerobatinae.
Zoogeography
Bermuda originated as a seamount on the Mid-Atlantic Ridge about 90-100 Mya, and re-erupted in a separate volcanic hot-spot event some 34 Mya (Aumento & Sullivan, 1974) . Eventually truncated below present sea level as a result of erosion, the volcanic base is now entirely covered by a ±75 m thick limestone cap which formed in the Pleistocene (10 000 to 1.6 Mya). During warm periods (e.g. 900 000 to 750 000 years ago, and 350 000 to 300 00 years ago), sea levels were up to 22 m above today's, coral reefs flourished, and extensive aeolian dunes of carbonate sand accumulated. In cold periods (e.g. 600 000 years ago), sea levels dropped as much as 125 m below today's and reef growth stagnated; sand dunes solidified and acquired a paleosoil cover, and caves formed within the sand stone (Hearty & Vacher, 1994 ). Glacial, low sea level Bermuda was a contiguous land area of about 750 km 2 , with vegetated dunes containing marshes and ponds-most of which drowned again during high sea level interglacial periods, leaving only scattered islands and islets totaling even less than today's 56 km 2 . It is against this background that the arrival and changing fortunes of Bermuda's terrestrial biota must be seen.
At the time of its discovery, around 1511, Bermuda had no mammals or amphibians, only one terrestrial reptile (the endemic skink Eumeces longirostris), and large nesting populations of several species of sea turtles (Garman, 1884) . Of about a dozen species of native land birds and about eight species of nesting sea birds (Reid, 1883) , the endemic cahow (Pterodroma cahow), a gadfly petrel which nests in earth burrows, was probably the most abundant at the time of human colonization (Sterrer, in press) .
Given the geologic history of Bermuda, and the similarity of its Pleistocene tortoise to North American Hesperotestudo, it is most likely that the founder individuals of Hesperotestudo bermudae arrived, by drifting or rafting, from southeastern North America. Bermuda has never been associated with a continental land mass, and the tortoise is too modern to have moved with a Bermuda hot spot over tens of millions of years. Thus, it appears that the occurrence of this tortoise in Bermuda reinforces a pattern of overwater dispersal in the Testudinidae.
With this record for Hesperotestudo in Bermuda, it is now possible to document five events in which land tortoises belonging to four separate lineages have apparently reached oceanic islands from mainland source areas: Chelonoidis to the Galapagos (Pritchard, 1996 for recent review), Chelonoidis to the West Indies (Williams, 1950b (Williams, , 1952 , Aldabrachelys to the Seychelles and Cylindraspis to the Mascarines (Arnold, 1979) , and Hesperotestudo to Bermuda (this study). In each case dispersal seems to be a more viable hypothesis given the complete independence or long separation from the mainland of these islands versus the relatively modern aspect of the tortoises involved.
The arrival of Chelonoidis to the Galapagos is the classic example (Pritchard, 1996) . These islands have probably never been connected to South America (Perfit & Williams, 1989) but support a number of populations of a tortoise species whose closest relatives are there.
The arrival of Chelonoidis to the West Indies can only be explained by dispersal. Land tortoises are known from at least nine different islands (see Introduction). Where the data are sufficient, these can be assigned to Chelonoidis, a genus that does not appear until the Miocene, long after the islands of the West Indies are entirely separate from any adjacent mainland and after they would have had much contact with each other (Perfit & Williams, 1989) .
The presence of Aldabrachelys in the Seychelles and Cylindraspis in the Mascarines are considered by Arnold (1979) to represent two discrete events in which these two distinct lineages have reached Indian Ocean islands.
Hesperotestudo has clearly arrived in Bermuda by dispersal. Bermuda is an excellent candidate for colonization by land tortoises according to the criteria of Pritchard (1989) : it is tropical, sufficiently distant from the mainland as to exclude predatory mammals, and downstream of a current that could transport prospective colonizers. The Gulf Stream, which hugs the US coast from Florida to Cape Hatteras, passes to the northwest of Bermuda but regularly spins off cold-core eddies that may wash up against the Island's shores. Provided it got all the right currents and winds, a drifting tortoise may have made the passage from Florida to Bermuda in a week or two. This estimate rests on the following assumptions: (1) The surface velocity of the Gulf Stream is 130 km (Pernetta, 1994) to 222 km per day (Stommel, 1958) . (2) The distance from Miami to Bermuda is 1660 km in a straight line, or more than 2000 km if one assumes that a drifting object would be most likely to reach Bermuda from the northeast, i.e. by way of the Gulf Stream recirculation gyre (Tom Rossby, pers. comm.). Both eddies and the recirculation gyre, however, advance considerably more slowly than the Gulf Stream. (3) Ocean circulation patterns at the time of colonization were much like today's. The Gulf Stream most likely acquired its present form as a result of the closing of the Central American Isthmus, 2-4 Mya, an event that may have established today's general pattern of ocean circulation (Cronin & Dowsett, 1996; Burton et al., 1997) . During the Pleistocene, Hesperotestudo of two lineages were present in Florida and, at a number of early to middle Pleistocene fossil sites, it is a dominant element of the fauna (Auffenberg, 1963 (Auffenberg, , 1974 Meylan, 1995) .
Bermuda's only other native land tetrapod, the endemic skink (Eumeces longirostris), is ecologically very similar to its closest relative, E. egregius, which typically occurs on coralline beach and inland Pleistocene sand deposits throughout Florida and neighboring portions of Alabama and Georgia (Hugh Griffith, pers. comm.). E. longirostris founder individuals may have originated and arrived in Bermuda in much the same way as H. bermudae, but unlike the tortoise the skink managed to survive, albeit tenuously, to the present; it is now endangered and confined to a few small islands (Wingate, 1965) .
As might be expected from Bermuda's small size, northern location, subtropical climate and down-current position in the Gulf Stream, the native flora and fauna is largely a depauperate biota of southeastern North America and the Greater Caribbean. Endemism is low both among marine and terrestrial biota. Only 3.8% of terrestrial plant and animal species are endemic and-with the exception of the endemic land snail genus Poecilozonites which boasted 15 species during the late Pleistocene (Gould, 1969 )-all endemics are on the level of species or subspecies (Sterrer, in press) .
Much like the majority of land snail species, H. bermudae may have become extinct because of habitat loss from rising sea levels. The position in which the fossil was found, i.e. intact, upright, and with its head and legs tucked into the carapace, suggests it was buried rapidly by an accreting sand dune. Such a scenario is consistent with the interglacial period of high sea level, transgression and island fragmentation during which our specimen is thought to have perished.
Our work supports the idea of several authors that testudinid turtles are preadapted for over water dispersal. Terrestrial tortoises are known to venture into the supratidal zone (Carr, 1952; Neill, 1958) and, when swept out to sea, have an unexpected ability to cross oceanic barriers to reach offshore and remote islands such as Galapagos, Aldabra and Bermuda. They are not strong swimmers but float well, and can survive in water for considerable lengths of time (Simpson, 1943) , drifting passively with the current (Pritchard, 1989) . Their adaptations to the osmotic stress of xeric environments apparently serve them well when they find themselves exposed to the marine environment. contribution number 17 of the Bermuda Biodiversity Project, Bermuda Aquarium, Natural History Museum and Zoo.
